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SEMICONDUCTOR PACKAGES FOR SEMICONDUCTOR DEVICES 

BACKGROUND OF THE INVENTION 

[01] Embodiments of the invention are directed semiconductor packages, 
and in particular to semiconductor packages for radio frequency (RF) circuit applications. 

[02] Radio frequency (RF) amplifiers are used in wireless communication 
networks. In recent years, the operating frequencies of wireless networks have increased and 
are now into the gigahertz (GHz) frequencies. At such high frequencies, power transistors 
have been used in RF power amplification devices, e.g., in antenna base stations. 

[03] A simplified illustration of a portion of an LDMOS RF power 
transistor package is shown in FIG. 1. FIG. 1 shows a semiconductor die 11 with an N+ 
source region 12 and an N+ drain region 17 at the top surface. The source region 12 
electrically connects to a source electrode S at the bottom surface of the semiconductor die 
11. A P+ region 14 provides a conductive path to the N+ source region 12. A metal portion 
18 shorts out a p+ body region 19 and the N+ source region 12 to provide an electrical path 
between the source region 12 to the source electrode S. A drain electrode D and a gate G are 
also at the top surface of the semiconductor die 11. The source electrode S at bottom surface 
of semiconductor die 11 is attached to a metallic substrate 13. The metallic substrate 13 
serves as both a heat sink and a ground reference for the source electrode S. Wires (not 
shown) are coupled to the gate electrode G and the drain electrode D to provide the 
semiconductor die 11 with input and output connections. In operation, source current flows 
from the metallic substrate 13, laterally through the drift region 16 to the drain region 17, and 
out of the semiconductor die 11 to a wire (not shown) coupled to the drain electrode D. 

[04] RF power transistors generate a significant amount of heat. For 
example, 50% efficiency is not atypical of class A amplifiers. For high output power 
applications (e.g., more than 60 Watts), special packaging is required to remove heat from the 
power transistor to prevent overheating and further loss of efficiency. Overheating can also 
degrade the operational characteristics of a power transistor. For some applications, it is 
desirable to keep the temperature of the semiconductor die in an RF package to less than 100 
°C during operation. 
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[05] To address the heat problem, some have reduced the thickness of the 
semiconductor die (e.g., to about 4-5 mils) using conventional wafer thinning processes (e.g., 
lapping). Reducing the amount of semiconductor material in the die also reduces the amount 
of heat retained by the semiconductor die. While decreasing the thickness of a 
semiconductor die causes it to retain less heat, a thinner semiconductor die can undesirably 
lead to a decrease in the breakdown voltage of the transistor. 

[061 Embodiments of the invention address these and other problems. 

SUMMARY OF THE INVENTION 
[071 Embodiments of the invention are directed to semiconductor die 

packages. , 

[081 One embodiment of the invention is directed to a semiconductor die 

package comprising: a semiconductor die comprising a vertical power transistor, wherein the 
semiconductor die has a first surface and a second surface; a source region at the first surface 
of the semiconductor die; a gate at the first surface of the semiconductor die; a drain region at 
the second surface of the semiconductor die; a ground plane proximate the second surface 
and distal to the first surface; and a bus member covering a portion the first surface of the 
semiconductor die and having at least one leg, wherein the bus member electrically couples 
the source region of the semiconductor die to the ground plane. 

[09] Another embodiment of the invention is directed to a semiconductor 
die package comprising: a semiconductor die comprising a vertical power transistor, wherein 
the semiconductor die has a first surface and a second surface; a source region at the first 
surface of the semiconductor die; a gate at the first surface of the semiconductor die; a drain 
region at the second surface of the semiconductor die; a ground plane proximate the second 
surface and distal to the first surface; a conductive layer between the ground plane and the 
semiconductor die; an isolator layer disposed between the conductive layer and the ground 
plane- a bus member covering a major portion of the first surface of the semiconductor die 
and electrically coupling the source region of the semiconductor die to the ground plane; a 
carrier enclosing the semiconductor die and the bus member; a drain lead passing through the 
carrier a first electrical conductor coupling the drain lead to the conductive layer and the 
drain region; a gate lead passing through the carrier; and a second electrical conductor 
coupling the gate lead to the gate. 



[10] Another embodiment of the invention is directed to a semiconductor 
die package comprising: a semiconductor die comprising a vertical power transistor, wherein 
the semiconductor die has a first surface and a second surface; an emitter region at the first 
surface of the semiconductor die; a base region at the first surface of the semiconductor die; a 
5 collector region at the second surface of the semiconductor die; a ground plane proximate the 
second surface and distal to the first surface; and a bus member covering a portion the first 
surface of the semiconductor die and having at least one leg, wherein the bus member 
electrically couples the source region of the semiconductor die to the ground plane. 

[11] Another embodiment of the invention is directed to a semiconductor 
10 die package comprising: a semiconductor die comprising a transistor, wherein the 
semiconductor die has a first surface and a second surface; a source region in the 
semiconductor die; a gate in the semiconductor die; a drain region in the semiconductor die; a 
5 ground plane proximate the second surface and distal to the first surface; and a bus member 
I covering a portion the first surface of the semiconductor die and having at least one leg, 
ft wherein the bus member electrically couples the source region of the semiconductor die to 
_c the ground plane. 

5l [12] These and other embodiments can be described with reference to the 

ju foregoing Figures and Detailed Description. 

r|f 0 BRIEF DESCRIPTION OF THE DRAWINGS 

[13] FIG. 1 shows a portion of a simplified conventional LDMOS power 

RF transistor package. 

[14] FIG. 2 shows a side cross-sectional view of a semiconductor package 

according to an embodiment of the invention. 
25 [15] fig. 3 shows a side view of a bus member according an invention 

embodiment. 

[16] FIG. 4 shows a top view of a portion of a semiconductor package 
according to an embodiment of the invention. The bus member is shown by invisible lines. 
[17] FIG. 5 shows a perspective view of a semiconductor package 

30 according to an embodiment of the invention. 

[18] FIG. 6 shows a side cross-sectional view of another semiconductor 

package according to an embodiment of the invention. 
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[19] FIG. 7 shows a perspective view of another semiconductor package 
according to an embodiment of the invention. 

[20] It is understood that the Figures may be simplified for purposes of 
illustration. For clarity of illustration, the proportions of the illustrated elements may be 
different than those in an actual device. 

DETAILED DESCRIPTION 

[21] Embodiments of the invention are directed to semiconductor die 
packages. The die packages can be used in RF power applications and can include power 
transistors. The power transistors can be used in high output power applications (e.g., in the 
range of 80 to 100 Watts, or more). In some embodiments of the invention, the 
semiconductor dies include transistors that can be used as active devices in an RF power 
amplifier. Such amplifiers may operate at frequencies in a range from below 1 MHz to 2 
GHz and above. 

[22] The transistor devices in the semiconductor dies can include vertical 
power transistors or lateral power transistors (LDMOS). In a typical LDMOS device, the 
gate, source region, and the drain region would be at the same side of a semiconductor die. 
LDMOS devices are known to those of ordinary skill in the art. 

[23] Vertical power transistors are preferred. Vertical power transistors 
include VDMOS transistors and vertical bipolar power transistors. A VDMOS transistor is a 
MOSFET (metal oxide semiconductor field effect transistor) that has two or more 
semiconductor regions formed by diffusion. It has a source region, a drain region, and a gate. 
The device is vertical in that the source region and the drain region are at opposite surfaces of 
the semiconductor die. The gate may be a trenched gate structure or a planar gate structure, 
and is formed at the same surface as the source region. Trenched gate structures are 
preferred, since trenched gate structures are narrower and occupy less space than planar gate 
structures. During operation, the current flow from the source region to the drain region in a 
VDMOS device is substantially perpendicular to the die surfaces. In other embodiments, the 
transistors in the semiconductor dies can be bipolar transistors such as IGBTs (insulated gate 
bipolar transistors). In such embodiments, one side of the semiconductor die can have an 
emitter region and a base region. The other side of the die can have a collector region. 

[24] Vertical power transistor devices have advantages over LDMOS 
devices. For example, the cells in a VDMOS are smaller and more dense than the cells in an 
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LDMOS device, since the source region and the drain region in a VDMOS device are at 
opposite sides of the semiconductor die. Consequently, a VDMOS device can have a lower 
"on" resistance than an LDMOS device. Also, VDMOS devices generally exhibit higher 
gain and higher saturation current than LDMOS devices. 

5 [25] FIG. 2 shows a semiconductor die 30 comprising an RF VDMOS 

power transistor on a conductive layer 32. The semiconductor die 30 includes a first surface 
31(a) and a second surface 31(b) opposite to the first surface 31(a). In this example, the first 
surface 31(a) of the semiconductor die 30 is distal to the conductive layer 32, while the 
second surface 31(b) of the semiconductor die 30 is proximate to the conductive layer 32. A 

1 0 trench gate structure 128 and a source region 126 are at the first surface 31(a), while a drain 
region 129 is at the second surface 31(b). Although a trench gate structure 128 is shown, the 
gate structure could alternatively be planar. For clarity of illustration, FIG. 2 shows a partial 

q depiction of some components of one transistor cell. Other embodiments can include 

1 multiple source and/or multiple gate regions corresponding to multiple cells in the 

!l5 semiconductor die 60. 

[26] The semiconductor die 30 and the conductive layer 32 may comprise 
any suitable material and may have any suitable thickness. Examples of suitable 
U semiconductor materials include silicon and gallium arsenide. Examples of suitable materials 
q for the conductive layer 32 include aluminum, copper clad aluminum, copper, and the like. 
2q [27] The conductive layer 32 is attached to an isolator layer 34 and is also 

P between the isolator layer 34 and the semiconductor die 30. The isolator layer 34 may 

comprise an electrically insulating material that has high thermal conductivity. Examples of 
suitable materials that can be used in the isolator layer 34 may include beryllium oxide and 
diamond. 

25 [28] The isolator layer 34 is also attached to a ground plane 20 so that the 

isolator layer 34 and the conductive layer 32 are between the ground plane 20 and the 
semiconductor die 30. The ground plane 20 may be a metal substrate that can also serve as a 
heat sink and may also provide source current for the semiconductor die 30. 

[29] The isolator layer 34, the conductive layer 32, and the ground plane 20 

30 may be first formed as three separate layers, which may be bonded together (e.g., through a 
direct bond process). Each of these layers 20, 32, 34 could be a substantially continuous 
layer of material prior to bonding. Alternatively, the three layers 20, 32, 34 could be layers in 
a unitary body such as a metallized circuit substrate, where the layers 20, 32, 34 can be 
formed in sequence on each other. 
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[30] A ceramic carrier 22 may be supported by the ground plane 20. The 
ceramic carrier 22 may include walls that enclose the semiconductor die 30, a bus member, 
26, the conductive layer 32, and the isolator layer 34. A ceramic cover (not shown) may also 
be on the walls of the ceramic carrier 22 to protect the semiconductor die 30. 

[311 A gate lead 48 and a drain lead 58 pass through the ceramic carrier 22 
from opposite sides of the carrier 22. Conductive wires 34, 38 respectively couple the gate 
lead 48 to the gate 128 and the drain lead 58 to the conductive layer 32, which is adjacent to 
the drain region 129. As will be explained in further detail below, the conductive wires 34, 
38 could alternatively be bus members having legs with different lengths. 

. ■ [32] The bus members according to embodiments of the invention can have 

flat portions that form angles. For instance, the bus member 26 shown in FIG. 2 has a 
horizontal portion coupled to the source region 126 of the semiconductor die 30 and at least 
one leg that extends downward toward the ground plane 20. Preferably, the bus member 26 
has two (or more) legs that extend to the ground plane 20 at opposite ends of the 
semiconductor die 30. The bus member 26 electrically couples the ground plane 20 to the 
source region 126. One leg is shown by the invisible lines in FIG. 2. In some embedments, 
the horizontal portion of the bus member 26 can be a continuous body of metal and can cover 
a major portion of the first surface 31(a) of the semiconductor die 30 (e.g., greater than 50% 
of the area of the first surface 31(a)). Solder in the form of hemispherically shaped logs, 
balls, columns, etc. can be used to electrically couple the horizontal portion of the bus 
member 26 to various source region connections at the first surface 31(a) of the 
semiconductor die 30. Solder can also be used to couple the ends of the one or more legs of 

the bus member 26 to the ground plane 20. 

[33] Although FIG. 2 shows a semiconductor die with a vertical transistor, 
the bus members according to embodiments of the invention could also be used with lateral 
transistors such as LDMOS transistors. With reference to FIG. 2, instead of having the dram 
region 129 at the second surface 31(b), in an LDMOS, the drain region would be at the first 
surface 31(a) along with the source region and the gate. A bus member could electrically 
couple the source region of the LDMOS to a ground plane underneath the semiconductor die 
on the opposite side as the source region. Heat can be removed from both sides of the 
semiconductor die, i.e., through the ground plane and through the bus member. In an 
LDMOS embodiment such as this, the drain region could be coupled to a drain terminal with 
wires or another bus member. The isolator layer 34 shown in FIG. 2 would not be needed in 
the LDMOS embodiment. 



|34] A S ideviewofabusm OT bc26isshowninFlG.3. Thebusmember 
26 may have a horizontal portion 26(a) and two legs 26(b), 26(c) a, opposing ends of to 
horizontal portion 26(a). The two tegs 26(b), 26(e) have substantially equal lengths. The 
semiconductor die, the conductive layer, and the iso.ator layer may be disposed between the 
two tegs in the semiconductor package. Although this bus member 26 has two legs, a 
suitable bus member could have one leg in other embodiments. 

[35] The bus member 26 may be made of any suitable electrically 
conductive materia!. The bus member 26 also prefcably includes a thermally conductive 
material. Exemplazy materials ma, can be used in a bus member 26 include copper, 
aluminum, and alloys thereof. Most metals have a thermal conductivity greater than about 50 
W/m-K and can be used in the bus member 26. 

1361 FIG. 4 shows a top plan view a portion a semiconductor die package 
with the bus member 26 shown by invisible lines. As shown in FIG. 4, the horizontal portion 
26(a) can cover a majority of the upper surface of the semiconductor die 30. An area 30(b) 
cf.be semiconductor die 30 tinder Ore horizontal portion 26(a) of the bus member 26 can 
include source regions. An exposed area 30(a) to a side of the horizontal portion 26(a) and 
tot is no, covered by the bus member 26 can have connecttons to a gate. 

(37] In FIG. 4, die isolator layer 34 and the conductive layer 32 are also 
shown Aporuon32(a)of.heconduCivelayer32isexposed. A conductive wire (not 
shown) or Cher conduces may be soldered ,o tins exposed portton 32(a) so ma, a connectton 
can be made to the conductive layer 32, which is coupled ,o the drain region of the 
semiconductor die 30. Two areas 34(a), 34(b) of the isolator layer 34 are also exposed. 
These areas 34(a), 34(b) may optionally contain circuitry (e.g., matching circuitry) if desired. 

1381 Usingabusmemberinsteadofconductivewirestoelecncallycouple 

the source region of a semiconductor die ,o the ground plane has a number of advantages. A 
consideration in power RF package design is me use of the source terminal, whtch ts me 
reference ground, as a thermal conduction pad, The use of the source terminal as a thermal 
path minimizes both the series inductance and me , henna, resistance. The bus member can 
serve as bom a thermal path (i.e., i, can ac, as a hea, sink) and a low resistance e.eCnca, path 
1 to the source electrode. Consequently, series inductance and thermal resistance are reduced. 
Furthermore, the bus member grounds me source electrode of the semiconductor dte. By 
arotmding die source electrode, distortion in the signal is minimized. 

,391 Thebusmemberalsoactsasaheatshtk. For example, referrmg again 
,o FIG. 1, heat can be removed from the semiconductor die 30 through the bus member 26 




and the combination of the conductive layer 32, the isolator layer 34, and the ground plane 
20. Heat is thus removed from both of the major surfaces of the semiconductor die 30 to 
keep it at a suitable operating temperature. It can be maintained at a suitable operating 
temperature without reducing the thickness of the semiconductor die 30. In comparison, in 
the typical LDMOS package above, heat is removed from only one side of a semiconductor 
die (see, e.g., FIG. 1) that may have reduced thickness. By improving the heat dissipation 
properties of the die package, the maximum operating power of the package can be increased 
and the likelihood of device failure due to excessive heating is reduced. Of course, it is 
understood that embodiments of the invention could also have semiconductor dies of reduced 
thickness if additional heat dissipation properties are desired. 

[40] In addition, in the die package embodiment shown in FIG. 5, wires 
need not be used to supply source current to the semiconductor die or transport drain current 
away from the semiconductor die. The conductors that contact the source electrode and the 
drain electrode of the semiconductor die are relatively wide and flat, thus reducing the 
likelihood of inductance in the conductors. Eliminating wires connecting to the 
drain/collector and/or source/emitter of a power transistor can decrease the inductance of the 
input and output terminals of the package. Low inductance in, for example, the output signal 
path of the power transistor package minimizes signal degradation, attenuation, and 
distortion. Moreover, since the bus members have wider regions for electrical connection 
than wires, they can be more securely attached to, for example, a semiconductor die than 
wires. Also, since the bus members are wider than wires, they are stronger than wires and are 
less likely to break than wires during processing or during the lifetime of the package. 

[41] FIG. 5 shows a perspective view of a semiconductor die package 
according to an embodiment of the invention. In FIGS. 1 and 5, like numerals designate like 
elements and the discussion of like elements is applicable to the semiconductor die package 
in FIG. 5. 

[42] FIG. 5 shows a better view of the ceramic carrier 22 and the ground 
plane 20. The ceramic carrier 22 has four walls that enclose the semiconductor die 30, the 
bus member 26, the conductive layer 32, and the isolator layer 34. The gate lead 48 and the 
drain lead 58 are at right angles with respect to the orientation of the ground plane 20. 

[43] FIG. 6 shows a side cross-sectional view of another semiconductor die 
package according to an embodiment of the invention. In FIGS. 1 and 6, like numerals 
designate like elements and the discussion of like elements in FIG. 1 applies to the 
semiconductor die package shown in FIG. 6. 
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[44] In the embodiment illustrated in FIG. 6, however, the semiconductor 
package includes a matching network 155 (e.g., a Q matching network) and conductive wires 
44 45 coupling the matching network 155 to the gate lead 48 and the gate 128. The 
matching network 155 provides impedance matching between, for example, an mput signal 
from an energy source and a power transistor. Impedance matching maximizes the amount of 
power transferred from an energy source to the power transistor. For example, commonly 
used transmission line systems and antennae systems have a nominal impedance of 50 ohms. 
Semiconductor devices that are used with these systems often have a lower output 
impedance. The impedances can be adjusted and matched using the matching network so 
that maximum power is transferred to the output of the power transistor. 

[45] The matching network 155 may comprise any suitable circuitry 
including inductors and/or capacitors. Suitable matching networks and components for 
matching networks are commercially available and can be selected in accordance with the 
particular frequency of operation. 

[46] In some embodiments, the matching network 155 may include 
semiconductor die capacitors (silicon MOS capacitors). These capacitors can be used to tune 
either or both of the input and/or output terminals of the power transistor. The MOS 
capacitors can be coupled to the transistor terminals using parallel small diameter wires so 
that the capacitance and inductance can be adjusted to specifically match the input and/or 
lo output signal of the power transistor to an amplifier circuit. For example, any suitable 
P number of wires 44 may be bonded to the gate 128 and the matching network 155 to tune the 

input terminal of the power transistor. 

[47] Many of the previously described embodiments use wires to couple the 
gate lead to the gate of a semiconductor die. Wires are also described as coupling the 
25 conductive layer, which is under the drain region of a semiconductor die, to the gate lead. 
However, in other embodiments, other conductive structures can be used. For example, one 
or more bus members can be used to respectively couple the conductive layer under the drain 
region to the drain lead. One or more bus members may also be used to couple the gate to the 
gate lead of the semiconductor die package. 
30 [48] Referring to FIG. 7, a first bus member 26 is disposed over a 

semiconductordie(asdescribedbefore). Here, however, a second bus member 144 couples 
the conductive layer to the drain lead 58. A third bus member 146 couples the gate region of 
the semiconductor die to the gate lead 48. Solder may be used to attach the ends of the legs 
of each of the bus members 26, 144, 146 to the ground plane, gate region, conductive layer, 
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gate lead, drain lead, etc. The seeond and third bus members 144, 146 respectively provide 
low resistance electrical paths between the conductive layer and the drain lead 58, and the 
gate region and the gate lead 48. In each of the second and third bus members 144, 146, the 
legs may have different lengths to accommodate the higher elevation of the gate lead 48 and 
the drain lead 58 relative to the conductive layer and the upper surface of the semiconductor 
die. 

[49] The terms and expressions which have been employed herein are used 
as terms of description and not of limitation, and there is no intention in the use of such terms 
and expressions of excluding equivalents of the features shown and described, or portions 
thereof, it being recognized that various modifications are possible within the scope of the 
invention claimed. Moreover, any one or more features of any embodiment of the mventxon 
may be combined with any one or more other features of any other embodiment of the 
invention, without departing from the scope of the invention. 
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